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FOREWORD
T h is  w ork was t in d e r ta k e n  t o  d e te rm in e  th e  
e l u t i o n  b e h a v io r  o f  c e r t a i n  d i v a l e n t  c a t i o n s  on 
a  s t r o n g  b a se  q u a te r n a r y  am ine io n  ex change  
r e s i n  em ploy ing  sodium  n i t r i t e  s o l u t i o n s  a s  th e  
e lu a n t  r a n g in g  i n  c o n c e n t r a t io n  from  1 0 "^  b o  SMo 
These d a ta  w ere  th é n  u se d  to  p r e d i c t  
p o s s ib l e  s e p a r a t io n s  and  to  e l u c i d a t e  th e  n a tu r e  
o f  th e  a n io n ic  s p e c ie s  a d s o rb in g  on th e  r e s in *
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C a h i l l ,  W illia m  P a t r i c k ,  J r . ,  M .S ., A ugust 1966 C h e m is try
A S tu d y  o f  th e  A nion Exchange B e h a v io r  o f  C e r ta in  D iv a le n t  C a tio n s  i n  
Sodium  N i t r i t e  M edia . ( 3 2 P P .)
D i r e c to r s  D r. Wayne P .  Van M ete r
The e l u t i o n  c o n s ta n t s  f o r  d i v a l e n t  Co, M i, N i ,  Cu, Zn and  Pb w ere 
d e te rm in e d  b y  th e  m ethod o f  K raus and  Moore on a  s t r o n g  b ase  
q u a te r n a r y  am ine io n  exchange  r e s i n  u s in g  sodium  n i t r i t e  s o l u t io n  
a s  e lu a n t  r a n g in g  i n  c o n c e n t r a t io n  from  10” ^  t o  8M. P r e c u r s o r y  
s t u d i e s  w ere  a l s o  made w ith  d i v a l e n t  Cd and UO2 .
The r e s u l t s  a r e  e x p re s s e d  i n  te rm s  o f  th e  e l u t i o n  c o n s ta n t  E , w h ich  
i s  d e f in e d  by  th e  e q u a t io n
E
w here  d  i s  th e  d i s t a n c e  i n  cm. w h ich  th e  c o n c e n t r a t io n  maximum o f  
th e  band  t r a v e l e d  th ro u g h  a  colum n o f  c r o s s  s e c t i o n a l  a r e a  A i n  c m .^ , 
when a  volum e o f  V ml o f  e lu a n t  h a s  p a s se d  th ro u g h  th e  co lum n.
A l l  th e  e le m e n ts  s tu d ie d  w ere  fo u n d  to  a d s o rb  on th e  r e s i n  t o  some 
e x t e n t ,  w i th  th e  p o s s ib le  e x c e p t io n  o f  N i, an d  t h e r e f o r e  w ere fo rm in g  
a n io n ic  s p e c i e s .  ïh e  o r d e r  o f  d e c r e a s in g  a f f i n i t y  o f  th e  e le m e n ts  f o r  
th e  r e s i n  a t  an  e lu s in t  c o n c e n t r a t io n  a t  w hich  th e  e le m e n t s t a r t s  
a d s o rb in g  i s  C d ^  Cu /  Pb ^  2*n^ UO2 ^  Co ^ Mn ^  N i.
A l l  p o s s ib l e  b in a r y  s e p a r a t io n s  w ere e f f e c t e d  e x c e p t  th e  M n-Ni, 
Cd-Cu, and th e  UO^-Zn m ix tu r e s .  S e v e ra l  t h r e e  com ponent and  f o u r  
com ponent s e p a r a t io n s  w ere  a l s o  e f f e c t e d .
The c h a rg e s  on th e  a n io n ic  s p e c ie s  w ere d e te rm in e d *  I n  a l l  c a s e s  
th e  a d s o rb in g  io n  a p p e a rs  t o  have  a  c h a rg e  o f  m inus o n e . I n  a d d i t i o n  
to  t h i s  s p e c i e s ,  t h e r e  a p p e a re d  t o  be a n o th e r  s p e c ie s  form ed a t  
i n te r m e d ia te  n i t r i t e  c o n c e n t r a t i o n s .  The n a tu r e  o f  t h i s  s p e c i e s ,  i f  
p r e s e n t ,  can  o n ly  be s p e c u la te d  u p o n .
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INTRODUCTION
Io n  exchange p r o c e s s e s  f i r s t  p ro v ed  t h e i r  v e r s a t i l i t y  a s  a  
s e p a r a t io n  te c h n iq u e  w ith  th e  s e p a r a t io n  o f  th e  r a r e  e a r th  e le m e n ts  
(1 1 , 2 8 , 57 , 58 , 6 0 ) .  T h is  te c h n iq u e  h a s  r e v o l u t io n i z e d  s e p a r a t io n  
schem es f o r  th e  e le m e n ts  i n  th e  e a s e  o f  th e  p r o c e s s ,  th e  tim e  in v o lv e d ,  
and  th e  h ig h  p u r i t y  o f  th e  s e p a r a te d  p r o d u c t .  I n  a d d i t i o n ,  many i n v e s t i ­
g a to r s  have  s e p a r a te d  o th e r  t r a d i t i o n a l l y  d i f f i c u l t  c o m b in a tio n s  su ch  
a s  th e  Z r-H f and Nb-Ta m ix tu re s  (2 2 , 33 , 3 4 , 3 5 , 3& ).
K raus and Moore i n  th e  U n ite d  S t a t e s  i n i t i a t e d  s t u d i e s  on th e  
e l u t i o n  b e h a v io r  o f  th e  more common t r a n s i t i o n  and  r e p r e s e n t a t i v e  
e le m e n ts .
S in c e  t h e i r  work s e p a r a t in g  Co from  Ni u s in g  h y d ro c h lo r ic  a c id  
a s  e lu a n t  ( 3 7 ) ,  many i n v e s t i g a t o r s  have u se d  t h i s  e lu a n t  e i t h e r  a lo n e  
( 6 ,  8 , 26, 3 8 , 4 0 , 4 1 , 4 2 , 4 3 , 46 ,  4 7 , 53 , 54 , 59 , 6 1 , 62) ,  o r  i n  
c o m b in a tio n  w ith  o th e r  s u b s ta n c e s  to  s e p a r a te  a  g r e a t  num ber o f  th e  
e le m e n ts  and many o f  th e  h e a v ie r  r e p r e s e n t a t i v e  e le m e n ts*  Of p a r t i c u l a r  
u s e f u ln e s s  i s  th e  c o n s ta n t  h y d r o c h lo r ic  a c i d - v a r i a b l e  h y d r o f lu o r ic  a c id  
e lu a n t  w hich  i s  c a p a b le  o f  s e p a r a t in g  v i r t u a l l y  e v e ry  c o m b in a tio n  o f  
t r a n s i t i o n  e le m e n ts  p o s s ib l e  (2 2 , 3 3 , 3 4 , 3 5 , 3 6 , 3 9 , 5 0 ) .  I n  
a d d i t i o n  to  t h i s  h y d ro c h lo r ic  a c id  b a se d  e l u a n t ,  o t h e r  i n v e s t i g a t o r s  
have  s tu d ie d  th e  e l u t i o n  p r o p e r t i e s  o f  th e s e  m e ta l s  u s in g  p h o s p h o r ic  
a c id  (1 0 , 1 3 , 2 1 ) ,  n i t r i c  a c id  (2 1 , 3 0 , 4 5 ) ,  e th y le n e d ia m in e  t e t r -  
a c e t i c  a c id  (2 3 , 4 8 , 4 9 , 5 5 ) ,  s u l f u r i c  a c id  ( 2 1 ) ,  h y d rob rom ic  a c id  ( 1 4 ) ,  
h y d ro io d ic  a c id  (2 4 , 2 5 ) ,  and  o t h e r  m is c e l la n e o u s  and  n o n -aq u eo u s 
m ed ia  a s  e lu a n t s  (1 ,  2 , 9 ,  2 7 , 3 0 , 4 5 , 5 1 ) .
The a p p l i c a t i o n  o f  th e  io n  exchange te c h n iq u e  i s  n o t  l i m i t e d
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t o  th e  s e p a r a t io n  p o t e n t i a l ,  b u t  h a s  been  e x te n d e d  t o  i n v e s t i g a t e  th e  
n a tu r e  o f  th e  s p e c ie s  a d s o rb in g  i n  th e  r e s in *  Many sy s te m s have  been  
s tu d i e d  u s in g  b o th  c a t i o n  and  a n io n  exchange r e s i n s  (3 , 4 ,  5» 7 ,  1 6 , 1 7 , 
1 8 , 1 9 , 2 0 , 3 2 , 4 2 , 4 4 , 51 , 5 6 ) ,  C a tio n  and a n io n  e x c h a n g e rs  can  be 
u s e f u l  i n  e lu c id a t in g  th e  c h a rg e s  o f  c a t i o n i c  and  a n io n ic  s p e c i e s ,  
r e s p e c t i v e l y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
EXPERIMENTAL PROCEDURE
The e x p e r im e n ta l  p ro c e d u re  u se d  i n  t h i s  s tu d y  I s  b a sed  on t h a t  
d e v e lo p e d  b y  K raus and  Moore* (34-)•
A p p a ra tu s
Colum ns: The colum ns u se d  f o r  th e  d e te r m in a t io n  o f  th e  e l u t i o n
c o n s ta n t s  w ere c o n s t r u c te d  from  î ^ e x  g l a s s  tu b in g *  The 
i n t e r n a l  d ia m e te r  o f  t h e s e  colum ns was 0*49 cm* i n  a l l  c a s e s ,  
and  th e  l e n g th  v a r i e d  d e p en d in g  on th e  e le m e n t b e in g  s tu d ie d *  
Columns 13 cm. i n  l e n g th  w ere  u se d  when s tu d y in g  s t r o n g ly  a d so rb e d  
c o l o r l e s s  s p e c i e s ,  w h ile  60 cm* colum ns w ere  u se d  f o r  th e  w eak ly  
a d so rb e d  s p e c ie s *  The l e n g t h s  o f  th e  colum ns f o r  th e  c o lo r e d  
b a n d s  w ere im m a te r ia l  s in c e  th e  b an d s  w ere  n o t  e lu t e d  from  th e  
co lu m n s*
The colum ns w ere  c o n s t r u c te d  w ith  an  e n la r g e d  s e c t io n  a t  th e  
to p  i n  o r d e r  to  f a c i l i t a t e  th e  a t ta c h m e n t  o f  a  b u r e t t e  f o r  
e lu a n t  volum e m easurem ent*  The f lo w  r a t e  th ro u g h  th e  colum ns 
was r e g u l a te d  by  a  Hoke n e e d le  v a lv e  f i t t e d  w i th  a  c a p i l l a r y  t i p *  
The colum ns u se d  f o r  th e  s e p a r a t io n s  ( s e e  p* 16) w ere  
s e c t io n s  o f  b u r e t t e s *  The i n t e r n a l  d ia m e te r  was 1*0 cm. and  th e  
l e n g th  13*5 cm*
R e s in :  The r e s i n  u se d  i n  th e  e x p e r im e n t was Dowex 1-X 8, a  q u a te r n a r y
am ine s t r o n g  b a se  a n io n  exchange r e s i n  o f  8% c r o s s - l i n k a g e  i n  
th e  n i t r i t e  form * The r e s i n  a s  p u rc h a se d  was i n  th e  c h lo r id e  
fo rm  and  was c o n v e r te d  t o  th e  n i t r i t e  fo rm  f i r s t  by s t a t i c  
t r e a tm e n t  i n  a  s t r o n g  s o l u t io n  o f  sodium  n i t r i t e  and th e n  by
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a d d i t i o n a l  c o n d i t io n in g  on th e  coltmm* The r e s i n  was added  to  th e  
coltunn i n  a  s l u r r y  euid backw ashed  t h r e e  t im e s  to  i n s u r e  a  u n ifo rm  r e s i n  
b e d . The f i n e  r e s i n  p a r t i c l e s  w h ich  s e t t l e d  s lo w e r  w ere  rem oved a f t e r  
e ac h  backw ash  to  f u r t h e r  i n s u r e  th e  u n i f o r m i ty  o f  th e  r e s i n  b e d .
GENERAL PROCEDURE
The r e s i n  i n  th e  c h lo r id e  fo rm  was c o n v e r te d  t o  th e  n i t r i t e  
fo rm  ( s e e  p .  3 )*  The r e s i n  was added  to  th e  colum n i n  a  s l u r r y  and 
backw ashed t h r e e  t im e s  t o  o b ta in  a  u n ifo rm  r e s i n  b e d .  The f i n e r  
r e s i n  p a r t i c l e s  w ere rem oved a f t e r  e ach  b ack w ash in g  b y  rem oving  th e  
s o l u t i o n  c o n ta in in g  th e  s lo w e r  s e t t l i n g  f i n e s  above th e  s e t t l e d  r e s i n  
b e d .
The f lo w  r a t e  o f  e lu a n t  th ro u g h  th e  colum ns was m a in ta in e d  a t  
0 .5  cm. p e r  m in u te  w hich  was th e  v a lu e  u se d  by  K raus and Moore and  
was found  to  be s u i t a b l e  f o r  t h e s e  s t u d i e s .  The e q u iv a le n t  volum e 
f lo w  r a t e  was d e te rm in e d  by  e l u t i n g  a  n o n a d so rb ed  c a t i o n ,  su ch  a s  B a, 
th ro u g h  th e  r e s i n  b e d . The volum e r e q u i r e d  to  e l u t e  th e  c o n c e n t r a t io n  
maximum o f  t h i s  c a t i o n  was th e  i n t e r s t i t i a l  volum e i n  th e  r e s i n .  The 
i n t e r s t i t i a l  volum e f o r  a  0 .5  cm. l e n g th  o f  r e s i n  bed  i s  th e  d e s i r e d  
volum e f lo w  r a t e  p e r  m in u te . C o r r e c t io n s  w ere made f o r  th e  d ead  sp a ce  
i n  th e  n e e d le  v a lv e  and  below  th e  r e s i n  bed  i n  th e  colum n.
The d ead  volum e be lo w  th e  r e s i n  bed  and  i n  th e  v a lv e  was d e t e r -  
m ined by  e l u t i n g  a  s t r o n g  c o b a l t  s o l u t io n  w hich  i s  c o lo re d  and  e a s i l y  
o b se rv e d  th ro u g h  th e  r e s i n  b e d . The volum e r e q u i r e d  to  e l u t e  th e  
b re a k th ro u g h  o f  t h i s  c o lo re d  s o l u t io n  from  th e  r e s i n  bed  th ro u g h  th e  
n e e d le  v a lv e  was c o n s id e re d  to  be  th e  d ead  vo lum e.
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A f te r  th e  r e s i n  bed  had  b een  c o n d i t io n e d  w i th  th e  a p p r o p r i a te  
c o n c e n t r a t io n  o f  sodium  n i t r i t e ,  0*1 ml* o f  a  s o l u t i o n  c o n ta in in g  3 mg 
o f  m e ta l  io n  i n  th e  same c o n c e n t r a t io n  o f  sodium  n i t r i t e  a s  th e  e lu a n t  
t o  be  u se d  was a llo w e d  t o  se e p  i n t o  th e  r e s i n  bed  a  d ro p  a t  a  tim e  i n  
o r d e r  to  a v o id  w e t t in g  th e  w a l l s  o f  th e  colum n above th e  bed  and  p r e v e n t  
a p p a re n t  band  t a i l i n g *  The f lo w  r a t e  th ro u g h  th e  colum n d u r in g  t h i s  
s t e p  was s lo w e r  th a n  0*5 cm* p e r  m in u te  t o  a id  i n  th e  fo rm a tio n  o f  a  
m ore n e a r l y  i d e a l  band* The bed  was th e n  c o v e re d  w i th  a  p ie c e  o f  g l a s s  
w ool t o  p r e v e n t  d i s t u r b i n g  th e  r e s i n  bed* A s m a ll  in c re m e n t o f  e lu a n t  
was added  to  th e  colum n s e v e r a l  t im e s  and a llo w e d  to  se e p  i n ,  i n s u r i n g  
t h a t  a l l  o f  th e  m e ta l  io n  was i n  th e  bed* Any b u b b le s  t ra p p e d  i n  th e  
g l a s s  w ool w ere d is lo d g e d ,  and  th e  50 ml* b u r e t t e  u se d  to  d e l i v e r  th e  
e lu a n t  was th e n  a t t a c h e d  to  th e  column* The s to p c o c k  o f  th e  b u r e t t e  
was opened  s lo w ly  a t  f i r s t  t o  a l lo w  f o r  p r e s s u r e  a d ju s tm e n ts  and  th e n  
th e  volum e i n  th e  b u r e t t e  was a d ju s te d  to  50 ml* The l e v e l  o f  th e  e lu a n t  
i n  th e  gmqll r e s e r v o i r  a t  th e  h ead  o f  th e  colum n was n o ted *  The volum e 
f lo w  th ro u g h  th e  r e s i n  bed  was a d ju s te d  to  c o rre s p o n d  to  th e  d e s i r e d  
l i n e a r  f lo w  r a t e *  T h is  r e q u i r e d  c a l i b r a t i n g  th e  d ro p  s i z e  w hich  was 
done p r i o r  t o  a  run* A c o r r e c t i o n  was made f o r  an y  d i f f e r e n c e  i n  l e v e l  
o f  th e  e lu a n t  i n  th e  r e s e r v o i r  a t  th e  end o f  e a c h  run*  The b u r e t t e  was 
u se d  o n ly  when vo lum es g r e a t e r  th a n  20 m is* w ere r e q u i r e d  to  e l u t e  th e  
band* O th e rw is e , a l l  vo lum es o f  e lu a n t  w ere p i p p e t t e d  o n to  th e  colum n*
The d i s t a n c e  d w hich  a  g iv e n  band c o n c e n t r a t io n  maximum m ig ra te d  
f o r  a  g iv e n  volum e 7  o f  e l u a n t  was d e te rm in e d  by  two m ethods* The 
d i s t a n c e  w h ich  th e  c o lo r e d  b a n d s  t r a v e l e d  was m easu red  w h ile  th e y  w ere  
s t i l l  on th e  co lum n. The c o l o r l e s s  b an d s w ere  e lu t e d  from  th e  colum n
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and  d e te c t e d  by  c h e m ic a l m ethods*  The f o l lo w in g  d e s c r ib e s  th e  two 
m ethods b ro k e n  down a c c o rd in g  t o  th e  e le m e n ts  in v o lv e d *
Cu—Pb-Co T hese t h r e e  e le m e n ts  fo rm  i n t e n s e l y  c o lo r e d  com plexes
i n  sodium  n i t r i t e  m ed ia  w h ich  a r e  e a s y  to  o b s e rv e  on th e  co lum n« 
The c o lo r  o f  th e  com plexes a r e  c o p p e r— g reen p  le a d — y e llo w , and 
c o b a l t — salm on p in k *  The d i s t a n c e  o f  m ig r a t io n  was m easu red  w i th  
a  r u l e r  g ra d u a te d  i n  m i l l im e te r s *  The d i s t a n c e  m easu red  was 
fro m  th e  o r i g i n a l  c e n t e r  o f  th e  band to  th e  c e n t e r  o f  th e  m ig ra te d  
band* M easurem ents w ere  ta k e n  u n t i l  th e  d  and V v a lu e s  w ere  o f  
s u f f i c i e n t  m ag n itu d e  to  y i e l d  r e p r o d u c ib le  v a lu e s  o f  th e  e l u t i o n  
c o n s ta n t*  The e lu t i o n  b e h a v io r  o f  Co becom es com plex a t  i n t e r ­
m e d ia te  and  h ig h  n i t r i t e  c o n c e n t r a t io n s  ( ^  «5M) * The band  i s  
o b se rv e d  to  s t a i n  th e  r e s i n  a  d a rk  brown* T h is  phenomenon i s  
i n t e r p r e t e d  to  be th e  o x id a t io n  o f  Co+2 to  Co'*’̂ ,  a s  w ould be 
p r e d i c t e d  from  th e  known b e h a v io r  o f  Co+2(28)* T h is  r a t e  o f  
o x id a t io n  in c r e a s e s  w i th  i n c r e a s in g  sodium  n i t r i t e  c o n c e n t r a t io n  
and  a t  4M th e  o x id a t io n  i s  co m p le te  b e f o r e  a n y  Co can  be e lu t e d  
from  th e  column* T h is  c o n v e rs io n  a p p e a rs  t o  be i r r e v e r s i b l e  
s in c e  th e  Co+3 s t a i n  c a n n o t be e lu te d  from  th e  colum n w ith  H2O* 
Co+2 d o es  fo rm , h o w ev er, a  com plex i n  th e  p lu s  two 
o x id a t io n  s t a t e  w hich  i s  salm on p in k  and  w hich  do es a d s o rb  t o  th e  
a n io n  exchange  r e s in *  The v a lu e s  o f  E a s  shown on page  20 a r e  
f o r  t h i s  com plex . N ote  t h a t  th e s e  v a lu e s  o n ly  go to  4M b e c a u se  
o f  t h e  above m en tio n ed  b e h a v io r*
How ever, t h e  e l u t i o n  b e h a v io r  o f  Cu and Pb a p p e a rs  t o  be 
u n c o m p lic a te d *  T hese  e le m e n ts  fo rm  w e l l  d e f in e d  bands w h ich  do
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n o t  sm ear o r  t a i l  e x c e p t  f o r  Cu a t  e x tre m e ly  low  n i t r i t e  co n cen ­
t r a t i o n s ,  T h is  p r o p e r ty  o f  th e  Cu com plex  i n t e r f e r e d  w ith  s e v e r a l  
s e p a r a t io n s  ( s e e  p ,  1 6 ) ,
Cd-Ni-Zn-M a-U02 T hese e le m e n ts  form  c o l o r l e s s  o r  w eak ly  
c o lo re d  com plexes and  t h e r e f o r e  had  t o  be  e lu t e d  from  th e  colum n and 
d e te c t e d  b y  c h e m ic a l r e a g e n t s .  The c h e m ic a ls  u s e d  f o r  th e  d e t e c t i o n  o f  
th e s e  e le m e n ts  ra n g e d  fro m  sodium  s u l f i d e  f o r  a l l  b u t  ÜO2 t o  r e l a t i v e l y  
s p e c i f i c  o r  s e n s i t i v e  o rg a n ic  r e a g e n t s  su ch  a s  d im e th y lg lo x im e  f o r  n i c k e l  
and  p o ta s s iu m  f e r r o c y a n id e  f o r  ÜO2 and  Zn,
When an  e le m e n t was u n a d so rb e d  o r  o n ly  s l i g h t l y  a d s o rb e d ,  e a c h  
i n d iv i d u a l  d ro p  was c o l l e c t e d  and  t e s t e d  on a  s p o t  t e s t  p l a t e .  The 
m ore s t r o n g ly  a d so rb e d  s p e c ie s  w ere a l s o  e l u t e d ,  b u t  l a r g e r  f r a c t i o n s  
w ere  c o l l e c t e d  f o r  t e s t i n g .
The c o n c e n t r a t io n  maximum was d e te rm in e d  v i s u a l l y  by fo l lo w in g  
th e  i n c r e a s e  o f  th e  p r e c i p i t a t e  o r  i n t e n s i t y  o f  th e  c o lo r  t e s t  th ro u g h  
i t s  maximum and t a k in g  an  a v e ra g e  o f  th e  more c o n c e n tr a te d  t e s t  s p o t s .
I n  a d d i t i o n  to  th e  colum n te c h n iq u e ,  th e  a d s o r p t io n  c h a r a c t e r ­
i s t i c s  o f  Cd, Zn and  Ag by  th e  a n io n  exchange r e s i n  w ere  s tu d ie d  u s in g  
th e  b a tc h  o r  e q u i l ib r iu m  m ethod o f  K raus and Moore (-40), T h is  m ethod 
was u se d  b e c a u se  th e s e  e le m e n ts  w ere  d i f f i c u l t  to  d e t e c t  b e c a u se  o f  
t h e i r  l a r g e  a f f i n i t y  f o r  th e  r e s i n .
The r e s i n  was d r i e d  i n  a  vacuum d e s i c c a t o r  a f t e r  b e in g  c o n v e r te d  
t o  th e  n i t r i t e  fo rm . Upon d r y in g ,  th e  r e s i n  tu r n e d  a  brown r e d .  One 
h u n d red  m il l ig r a m s  o f  d r y  r e s i n  w ere  a llo w e d  to  e q u i l i b r a t e  w i th  50 m l 
o f  a  p a r t i c u l a r  sodium  n i t r i t e  s o l u t io n  c o n ta in in g  th e  e le m e n t t o  be  
s tu d i e d  a t  su ch  a  c o n c e n t r a t io n  t h a t  10^  o f  th e  r e s i n  exchange s i t e s
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wOTild be o c c u p ie d  i f  th e  e n t i r e  c o n c e n t r a t io n  o f  th e  e le m e n t was a d so rb e d  
a s  th e  m o n o v a len t a n io n ic  com plex» The m ix tu re  was a g i t a t e d  p e r i o d i c a l l y  
f o r  t h r e e  days*  The s o l u t io n  i n  c o n ta c t  w i th  th e  r e s i n  w as th e n  an a ­
ly z e d  by  a to m ic  a b s o r p t io n  sp e c tro sc o p y *
The a p p a r e n t  u n i n t e l l i g i b l e  d a ta  o b ta in e d  b y  th e s e  e x p e r im e n ts  
c an  be e x p la in e d  by  r e s i n  decom pqsition®
The f i r s t  i n d i c a t i o n  t h a t  th e  r e s i n  had  decom posed was th e  change 
i n  c o lo r  upon d e s ic c a t io n *  T h is  c o lo r  change  i s  i n  c o n t r a s t  t o  t h a t  o f  
th e  r e s i n  i n  th e  c h lo r id e  form * A d d it io n  o f  th e  n i t r i t e  s o l u t io n s  t o  
t h i s  r e s i n  a p p e a re d  to  b re a k  up th e  r e s i n  i n t o  e x tr e m e ly  f i n e  p a r t i c l e s *  
The r e s i n  d id  n o t  r e g a in  i t s  n o rm al y e llo w  c o lo r  when t r e a t e d  w i th  
s t r o n g  sodium  n i t r i t e  s o lu t io n *  The s i l v e r  com plex  u n d e rw en t r e d u c t io n  
on th e  r e s i n  even  when th e  e q u i l ib r iu m  was a llo w e d  to  ta k e  p la c e  i n  th e  
d a rk *  The f i n a l  e v id e n c e  i n d i c a t i o n  r e s i n  d e t e r i o r a t i o n  was th e  u n in ­
t e l l i g i b l e  d a ta  o b ta in e d  f o r  Zn and  Cd*
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INTERPRETATION AND DISCUSSION OF RESULTS
The r e s u l t s  o f  th e  i n v e s t i g a t i o n  r e v e a l  t h a t  a l l  o f  th e  c a t i o n s  
s tu d ie d  fo rm ed  a n io n ic  com p lexes to  some e x te n t  w i th  th e  n i t r i t e  i o n ,  
w ith  th e  p o s s ib l e  e x c e p tio n  o f  Ni#
The r e l a t i v e  a f f i n i t y  o f  th e  r e s i n  f o r  t h e s e  com plexes v a r i e s  
from  e le m e n t to  e le m e n t and  a p p r e c ia b ly  w ith  th e  sodium  n i t r i t e  concen­
t r a t i o n #  The o r d e r  o f  d e c r e a s in g  a f f i n i t y  f o r  th e  r e s i n  a t  in te r m e d ia te  
sodium  n i t r i t e  c o n c e n t r a t io n  i s  Cd Cu Pb UO2 Zn Co t&i Ni»
Cd, Cu, Pb and  UOg a r e  g ro u p ed  a s  h a v in g  v e r y  s i m i l a r  s t r o n g  
a f f i n i t i e s  f o r  th e  r e s in #  Zn an d  Co have in te r m e d ia te  a f f i n i t i e s  w h ile  
Ni and  Mh show v e ry  weak a d s o r p t io n #
The r e s u l t s  o f  th e  s tu d y  a r e  d e s c r ib e d  i n  te rm s  o f  th e  e l u t i o n  
c o n s t a n t  E w h ich  i s  d e f in e d  by  th e  e q u a t io n
(1 )  E =
V
w here d i s  th e  d i s t a n c e  i n  cm* w h ich  a  c o n c e n t r a t io n  maximum o f  a  band  
on th e  r e s i n  bed  t r a v e l s  when V m i l l i l i t e r s  o f  e lu a n t  have p a s s e d  
th ro u g h  a  colum n o f  A c r o s s  s e c t i o n a l  a r e a  i n  sq u a re  c e n t im e te r s #  The 
e l u t i o n  c o n s ta i l t  i s  r e l a t e d  t o  th e  d i s t r i b u t i o n  c o e f f i c i e n t  o f  th e  
m e ta l  b e tw een  th e  r e s i n  an d  i n t e r s t i t i a l  volum e i n  th e  r e s i n  bed  by  th e  
e q u a t io n
(2 )  D = i  -  i
w here  i  i s  th e  f r a c t i o n a l  i n t e r s t i t i a l  volum e i n  th e  bed#
F o r  sma l l  v a lu e s  o f  E th e  e q u a t io n  may be  re d u c e d  to
(3) D = 1 ,
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In fo rm a t io n  c o n c e rn in g  th e  i o n i c  s p e c ie s  i n  e q u i l ib r iu m  w i th  th e  
r e s i n  can  be o b ta in e d  by th e  f o l lo w in g  l i n e  o f  r e a s o n in g  w hich  was 
d e v e lo p e d  b y  K raus and  Moore* (3 4 )»
Assume t h a t  th e  a d s o r p t io n  e q u i l ib r iu m  o f  an  io n  c an  be 
r e p r e s e n te d  by  th e  e q u a t io n
( 4 )  nRN02 +  A“ »  RrA +  nNOg”
w here R r e p r e s e n t s  th e  r e s in »  The m ass a c t i o n  c o n s t a n t  f o r  th e  above 
e q u a t io n  i s  r e p r e s e n te d  by
(5) K.-„ = ÇRaÀ] (NO,-)"
^  “ (A -")
w here b r a c k e t s  i n d i c a t e  a c t i v i t i e s ,  p a r e n th e s e s  c o n c e n tr a t io n s  and  
th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  io n  g iv e n  a s  s u b s c r ip t»  F o r d i l u t e  
s o lu t io n s  th e  fo l lo w in g  s i m p l i f i c a t i o n s
(6)
and I RNO^^ = a  c o n s ta n t
w i l l  be assum ed w h e r e ^  i s  a  p r o p o r t i o n a l i t y  c o n s t a n t  and (A“^)r> 
th e  c o n c e n t r a t io n  o f  A*"̂  i n  th e  r e s in »  C om bining e q u a t io n s  ( 2 ) ,  (3 )?
(3 )  and  (6 )  and  d e f in in g
(7 )  D ._n =A—  —
^  (A“n )
one o b ta in s
(8 )  = K%-n X £ l      1     =  I = M. =
r s O g - W Z F  E E* E
w here K *^-n = K ^ - n [ ^ C ^ ^
c ? d
i s  a  p r o p o r t i o n a l i t y  c o n s ta n t»  T hus, n e g le c t i n g  th e  a c t i v i t y  c o e f f i c i e n t  
r a t i o ,  a  p l o t  o f  lo g  E^ ( o r  lo g  E f o r  smal l  v a lu e s  o f  E) v e r s u s  lo g
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(H02“ ) f o r  a  s in g le  s p e c ie s  i n  a  d i l u t e  s o l u t io n  h a s  a  s lo p e  e q u a l  to  
th e  c h a rg e  n  o f  th e  ion® F o r  two io n s  o f  d i f f e r e n t  c h a rg e , two s t r a i g h t  
l i n e s  w i l l  r e s u l t  w hich  c r o s s  a t  some sodium  n i t r i t e  c o n c e n t r a t io n  
d e s ig n a te d  P®
The a n a l y s i s  o f  th e  e l u t i o n  d a ta  a s  d e s c r ib e d  above shows t h a t  
i n  th e  c a s e s  w here th e  e le m e n t (com plex) shows an  a p p re c ia b le  a f f i n i t y  
f o r  th e  r e s i n ,  th e  c h a rg e  on th e  com plex i s  a p p ro x im a te ly  m inus one 
( s e e  p .  2 2 ) .  D i f f i c u l t y  a r i s e s ,  how ever, i n  i n t e r p r e t i n g  th e  a n a l y s i s  
o f  th e  d a ta  f o r  Ma and Ni s in c e  th e s e  e le m e n ts  (co m p lex es) a d s o rb  o n ly  
a t  v e ry  h ig h  e lu a n t  c o n c e n t r a t io n s  w h ich  y i e l d  v e r y  few  p o i n t s  f o r  
a n a ly s is®  I n  a d d i t i o n ,  o n ly  a  s m a ll  p e r c e n t  o f  th e  e le m e n t i s  com plexed . 
T hese f a c t o r s  make i t  d i f f i c u l t  t o  d e te rm in e  w h e th e r  o r  n o t  th e  p l o t  
o f  t h e s e  p o i n t s  r e p r e s e n t s  th e  t r u e  s lo p e  o f  th e  c h a rg e  o f  th e  s p e c ie s  
invo lved®
Of p a r t i c u l a r  i n t e r e s t  i s  th e  e l u t i o n  b e h a v io r  o f  b o th  Cu and  Pb 
a s  th e  c o n c e n t r a t io n  o f  e lu a n t  in c re a s e s®  As can  be  se en  from  th e  p l o t  
o f  lo g  E v e r s u s  c o n c e n t r a t io n  o f  sodium  n i t r i t e  ( p .  2 1 ) ,  th e  v a lu e  o f  
E d e c r e a s e s  i n i t i a l l y  w ith  a n  i n c r e a s e  i n  n i t r i t e  c o n c e n t r a t i o n .
T h is  b e h a v io r  i s  due t o  th e  s in g ly  c h a rg e d  a n io n  a s  d e te rm in e d  
b y  th e  a n a l y s i s  d e s c r ib e d  on p* 1 0 .  The d e g re e  o f  fo rm a tio n  o f  t h i s  
s p e c ie s  i n c r e a s e s  w i th  i n c r e a s i n g  e lu a n t  c o n c e n t r a t io n  a s  w ould be 
p r e d ic te d  from  th e  m ass a c t i o n  e x p re s s io n  f o r  su ch  a  com plex . T h is  
in c r e a s e  th e n  o f  com plex c o n c e n t r a t io n  p e rm i ts  more o f  th e  e le m e n t to  
be  a v a i l a b l e  f o r  a d s o r p t io n  a t  th e  exchange s i t e  i n  th e  r e s i n  and  
h en ce  p ro d u c e s  a  d e c re a s e  i n  th e  r a t e  o f  m ig r a t io n  o f  th e  e le m e n t down 
th e  r e s i n  b e d . A t 1.5M and  0.5M  sodium  n i t r i t e  f o r  Cu and Pb
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r e s p e c t i v e l y ,  how ever, th e  p l o t  o f  lo g  E v e r s u s  C p a s s e s  th ro u g h  a  
minimum and  b e g in s  to  in c r e a s e *  T here  a r e  s e v e r a l  s p e c u la t io n s  w hich  
can  be made c o n c e rn in g  t h i s  change  i n  e l u t i o n  b e h a v io rs  th e s e  c an  be 
d iv id e d  i n t o  two l i n e s  o f  re a s o n in g *
The f i r s t  a p p ro a c h  to  c o n s id e r  i s  th e  fo rm a t io n  o f  a  new com plex,
E x am in a tio n  o f  th e  lo g  lo g  p l o t  o f  E v e r s u s  G on p* 22 shows two 
s t r a i g h t  l i n e s  i n t e r s e c t i n g *  T h is  c o u ld  be c a u se d  by  more th a n  one 
s p e c ie s  b e in g  i n  e q u i l ib r iu m  w ith  th e  r e s i n ,  and  i t  i s  n e c e s s a r y ,  th e n ,  
t o  c o n s id e r  t h i s  p o s s i b i l i t y *
K raus and Moore fo u n d  t h a t  when an  e le m e n t fo rm s more th a n  
one a n io n ic  com plex , th e  s in g ly  c h a rg e d  com plex h a s  a  g r e a t e r  
a f f i n i t y  f o r  th e  r e s i n  th a n  th e  d o u b ly  c h a rg e d  s p e c ie s  (35)*
The e x p la n a t io n  f o r  t h i s  b e h a v io r  can  be  i n t e r p r e t e d  from  io n  
exchange th e o ry *  The b u l k i e r  th e  e x ch a n g in g  i o n ,  th e  more d i f f i c u l t
i t  i s  f o r  i t  t o  e n t e r  th e  r e s i n  p a r t i c l e  and  th e  s lo w e r  i t  w i l l  m ig r a te
th ro u g h  th e  r e s i n  t o  th e  exchange  s i t e *  S in c e  th e  m ig r a t io n  i n t o  and 
th ro u g h  th e  r e s i n  p a r t i c l e s  i s  h in d e re d  t y  t h i s  i n c r e a s e  i n  io n  s i z e ,  
th e  exchange p ro c e s s  i s  c o n s id e r e d  t o  be p a r t i c l e  d i f f u s i o n  c o n t r o l l e d  
( 1 4 ) .
T here  a r e  s e v e r a l  p o s s ib l e  s p e c ie s  w hich  can  be p o s t u l a t e d  t h a t  
a r e  b u l k i e r  th a n  th e  p ro p o se d  s i n g l y  c h a rg e d  t r in l t r o m e ta lo - o o m p le x . 
T hese two e le m e n ts  a r e  known to  form  com plexes c o n ta in in g  f o u r  
l ig a n d s  (2 9 )*  I t  i s  n e c e s s a r y  to  c o n s id e r  th e  p o s s i b i l i t y  o f  th e  
f o rm a t io n  o f  a  d o u b ly  c h a rg e d  a n io n .  S in c e  m ore th a n  one s p e c ie s  may 
be i n  e q u i l ib r iu m  w ith  th e  r e s i n ,  th e  m a th e m a tic a l  t r e a tm e n t  m en tio n ed  
on p a g e s  9 and  10 w i l l  n o t  y i e l d  a  s t r a i g h t  l i n e  c o r re s p o n d in g  t o  th e
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s lo p e  o f  th e  new io n  s in c e  i t  a lo n e  i s  n o t  e n t i r e l y  r e s p o n s ib le  f o r  th e  
a d s o r p t io n .
The a n a l y s i s  w i l l ,  h o w ev er, y i e l d  a  s t r a i g h t  l i n e  w h ich  w i l l  
i n t e r c e p t  a t  a  c o n c e n t r a t io n  P a t  w hich  th e  seco n d  s p e c ie s  s t a r t s  t o  
fo rm . E v id e n ce  i n  f a v o r  o f  th e  d o u b ly  c h a rg e d  s p e c ie s  can  be se e n  a t  
h ig h  n i t r i t e  c o n c e n t r a t io n  beyond  th e  maximum w here  th e  s lo p e  i s  a g a in  
n e g a t iv e  an d  c o u ld  r e p r e s e n t  th e  co m p le te  fo rm a tio n  to  th e  d o u b ly  
c h a rg e d  a n io n .  T here  i s ,  h o w ev er, sm o th e r s p e c ie s  w hich  can  be 
p ro p o se d  t h a t  h a s  a  g r e a t e r  b u lk  th a n  th e  s in g ly  c h a rg e d  s p e c i e s .  A t 
h ig h e r  e lu a n t  c o n c e n t r a t io n s  th e  o d o r o f  N02“> like  g a s e s  can  be d e te c t e d  
above th e  s o l u t io n  w hich  r e p r e s e n t s  th e  d e c o m p o s itio n  o f  th e  n i t r i t e  
io n  i n t o  NO and NO2 .
T h is  fo rm e r  d e c o m p o s itio n  p ro d u c t  c o u ld  com plex w ith  s p e c ie s  I ,  
th e  t r in i t r o m e ta lo c o m p le x ,  th u s  fo rm in g  a  b u l k i e r  s in g ly  c h a rg e d  
com plex w hich  w ould a d so rb  t o  a  l e s s e r  d e g re e  th a n  s p e c ie s  I  ( 2 9 ) .
A ga in , a t  h ig h e r  c o n c e n t r a t io n s  t h i s  s p e c ie s  c o u ld  be c o n v e r te d  t o  th e  
d o u b ly  c h a rg e d  s p e c i e s .
A second  l i n e  o f  r e a s o n in g  f o r  th e  change i n  th e  e l u t i o n  
b e h a v io r  i s  b a se d  on th e  p o s s ib l e  non—v a l i d i t y  o f  th e  a ssu m p tio n  made 
i n  th e  d e r i v a t i o n  o f  e q u a t io n  ( 8 ) ,  p .  1 0 , t h a t  th e  a c t i v i t y  c o e f f i c i e n t  
r a t i o  rem a in s  c o n s t a n t .  A change  i n  t h i s  p a ra m e te r  c o u ld  have a n  e f f e c t  
on th e  e l u t i o n  b e h a v io r  and  c o u ld  a c c o u n t  f o r  th e  o b se rv e d  maximum 
m en tio n ed  p r e v io u s ly .
N ot c o m p le te ly  u n r e l a t e d  t o  a l l  o f  th e  above r e a s o n in g  i s  th e  
f a c t  t h a t  a s  th e  e lu a n t  c o n c e n t r a t io n  i n c r e a s e s ,  th e  r e s i n  s h r i n k s .
When t h i s  h a p p e n s , th e  c h a n n e ls  i n  th e  r e s i n ,  th ro u g h  w hich  th e  a n io n s
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m u st t r a v e l  i n  o r d e r  to  r e a c h  th e  exchange s i t e ,  c o n t r a c t ,  and  t h i s  
phenomenon h a s  th e  same e f f e c t  a s  t h a t  o f  i n c r e a s in g  th e  b u lk  o f  th e  
a n io n ic  s p e c ie s o  T h at t h i s  may be  th e  c a se  i s  e v id e n c e d  by th e  f a c t  
t h a t  i n  th e  e lu a n t  c o n c e n t r a t io n  ra n g e  a t  w hich  th e  e l u t i o n  b e h a v io r  
f o r  th e s e  e le m e n ts  c h a n g e s , c o n s id e r a b le  s h r in k a g e  o f  th e  r e s i n  bed  i s  
f i r s t  o b se rv ed o
I f  th e  above a ssu m p tio n  i s  c o r r e c t ,  th e n  th e  r a t e  o f  e l u t i o n  
sh o u ld  I n c r e a s e  g r a d u a l ly  a s  th e  c h a n n e ls  i n  th e  r e s i n  g r a d u a l ly  
s h r in k *  The p l o t  o f  lo g  E v e r s u s  C f o r  th e s e  e le m e n ts  shows t h i s  t o  be 
th e  case*. I f  a  d o u b ly  c h a rg e d  a n io n ic  s p e c ie s  i s  fo rm ed a t  v e ry  h ig h  
e lu a n t  c o n c e n t r a t io n ,  th e n  th e  r a t e  o f  e l a t i o n  s h o u ld  in c r e a s e  even  
f u r t h e r  a s  p r e d ic te d  by  th e  above d is c u s s io n *  S in c e  t h i s  d o e s  n o t  
happen  C p ro b a b ly  i n d i c a t e s  t h a t  no d o u b le  c h a rg e d  a n io n ic  s p e c ie s  i s  
form ed* A d d i t io n a l  e v id e n c e  a g a i n s t  th e  fo rm a t io n  o f  a  d o u b ly  c h a rg e d  
a n io n ic  s p e c ie s  i s  p r e s e n te d  i n  a  p a p e r  by  K o s s ia k o f f  and Sickm an i n  
w hich th e  Cu^NOg"" sy stem  was s tu d i e d  by a  c o lo r i m e t r i c  m ethod to  
d e te rm in e  th e  num ber o f  com plex  s p e c ie s  form ed* No e v id e n c e  o f  a  d o u b le  
c h a rg e d  s p e c ie s  was found  ev en  i n  s a t u r a t e d  sodium  n i t r i t e  s o l u t io n s  
( 3 1 ) .
The d a ta  f o r  Co and Zn, a l th o u g h  in c o m p le te  ( s e e  p ,  2 0 ) ,  
i n d i c a t e  t h a t  t h e s e  two c a t io n s  beh av e  much l i k e  Cu and Pb i n  sodium  
n i t r i t e  medium on a n io n  ex ch an g e  r e s in *  The p l o t s  o f  lo g  E v e r s u s  C 
show t h a t  th e  r a t e  o f  e l u t i o n  i s  l e v e l i n g  o f f  and  i s  a p p ro a c h in g  th e  
p o i n t  o f  d i s c o n t i n u i t y  p r e v io u s ly  m en tio n ed  a s  P* One would t h e r e ­
f o r e  p r e d i c t  t h a t  th e s e  c a t i o n s  do behave  l i k e  th o s e  m en tio n ed  above 
and  fo rm  o n ly  s i n g l y  c h a rg e d  com plexes i n  sodium  n i t r i t e  m edia*
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The d a ta  on th e  e l u t i o n  b e h a v io r  o f  Cdg a l th o u g h  v e ry  in c o m p le te j,
sh ed  some l i g h t  on th e  a f f i n i t y  o f  Cd f o r  th e  n i t r i t e  i o n .  I t s
b e h a v io r  i s  p ro b a b ly  s i m i l a r  to  t h a t  o f  Cu and P b .
The e lu t i o n  b e h a v io r  o f  th e  UO2 com plex i s  su ch  t h a t  th e  com plex  
i s  u n a d so rb e d  a t  0.5M NaJJ02j b u t  h a s  an  E v a lu e  l e s s  th a n  0*1 i n  
0.3M NaN02.
A co m p ariso n  o f  th e  e l u t i o n  c h a r a c t e r i s t i c s  f o r  th e s e  e le m e n ts
i n  HCl ( 37) ,  HBr ( I 4 ) j  and  NaN02 m e d ia , a l th o u g h  in c o m p le te ,  i n d i c a t e s
a  t r e n d  i n  th e  p r e f e r e n c e  o f  a n io n  exchange r e s i n s  f o r  th e  e le m e n ts  i n  
t h e i r  a n io n ic  com plex fo rm . T h is  t r e n d  i n  p r e f e r e n c e  i s  a l s o  d i r e c t l y  
r e l a t e d  t o  th e  s t r e n g th  o f  th e  com plex . T hese t r e n d s  a r e  shown be low  
f o r  th e  p r e v io u s ly  m en tio n ed  sy s te m s .
The o r d e r  o f  d e c r e a s in g  p r e f e r e n c e  w h ich  an  a n io n  exchange 
r e s i n  p o s s e s s e s  f o r  th e s e  a n io n ic —m e ta l  com plexes can  be p r e s e n te d  i n  
a t  l e a s t  two w ays.
The f i r s t  i s  th e  o r d e r  o f  i n c r e a s in g  com plex fo rm a tio n  a s  
d e te rm in e d  by  th e  e lu a n t  c o n c e n t r a t io n  a t  w h ich  th e  s p e c ie s  i s  f i r s t  
a d s o rb e d  by  th e  r e s i n .  The lo w e r  th e  e lu a n t  c o n c e n t r a t io n  a t  w hich  
t h i s  h a p p e n s , th e  h ig h e r  th e  e le m e n t i s  i n  th e  s e q u e n c e . The second  
m ethod o f  c l a s s i f y i n g  th e s e  e le m e n ts  w ith  r e s p e c t  t o  t h e i r  a f f i n i t i e s  
by  th e  r e s i n  i s  b a se d  on th e  maximum a f f i n i t y  w h ich  th e  r e s i n  h a s  f o r  
th e  e le m e n t (com plex) a t  th e  optim um  e lu a n t  c o n c e n t r a t i o n .  The 
se q u e n c e s  a r e  a s  fo l lo w s s
Z n ^  Cu \  C o /  M n / N i -  O rd e r o f  com plex fo rm a t io n
\  \  \  \Zn ^ Go /  C u /  Mh /  Ni -  Maximum a f f i n i t y
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Cu ^  Zn S Co ^ Mh y  Ni — O rd e r o f  com plex  fo rm a tio n
NaN02 V V V \
G u y  Z n ^  C oy Mh y  N i ~  Maximum a f f i n i t y
HBr Z n^  Cu ^  Co ^  N i -  O rd e r o f  com plex fo rm a tio n
A lth o u g h  th e  i n v e s t i g a t i o n  o f  th e  HBr sy s tem  was n o t  c a r r i e d  o u t  
f o r  th e  e n t i r e  ra n g e  o f  e lu a n t  c o n c e n t r a t io n s  p o s s ib l e  and b e c a u se  
th e  e l u t i o n  b e h a v io r  o f  Co c o u ld  n o t  be d e te rm in e d  a t  v e ry  h ig h  sodium  
n i t r i t e  c o n c e n t r a t i o n ,  th e  b e s t  seq u en ce  f o r  co m p arin g  th e  t r e n d  i n  
com plex fo rm a tio n  i s  th e  o r d e r  o f  f i r s t  o c c u r re n c e  o f  com plex fo rm ation®  
These a r e  shown above a s  th e  f i r s t  seq u en ce  l i s t e d  f o r  e ach  e luan t®  I t  
c an  be se en  t h a t  o t h e r  th a n  th e  d i f f e r e n c e  i n  o r d e r  o f  Cu and  Zn i n  th e  
HCl-HBr e lu a n t s  from  t h a t  o f  th e  NaNOg sy s te m , th e  se q u en c es  a r e  
id e n t ic a l®
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SEPARATION PROCEDURES
E x a m in a tio n  o f  th e  p l o t s  o f  lo g  E v e r s u s  sodium  n i t r i t e  concen­
t r a t i o n  r e v e a l s  t h a t  many b in a r y  and  p o s s ib l y  some m u l t ip le  s e p a r a t io n s  
sh o u ld  be p o s s ib le »
B in a ry  S e p a r a t io n s —
I n  g e n e r a l ,  a t  low  c o n c e n t r a t io n s  o f  sodium  n i t r i t e ,  Cd,
Cu and  Pb sh o u ld  be e a s i l y  s e p a r a te d  from  Mn, N i, Go, Zn and
UO2 » These v a r io u s  s e p a r a t io n s  a r e  shown on p» 22 and  p* 23»
A t i n te r m e d ia te  sodium  n i t r i t e  c o n c e n t r a t i o n ,  Zn i s  e a s i l y
s e p a r a te d  from  Co, Mn and  N i, w h ile  a t  s t i l l  h ig h e r  n i t r i t e
c o n c e n t r a t i o n s ,  Co i s  s e p a r a te d  from  Mn and  Ni» B ecause o f
t h e i r  s i m i l a r  e l u t i o n  c h a r a c t e r i s t i c s ,  Mn and  Ni c o u ld  n o t  be
s e p a r a te d  on th e  colum n u se d  i n  th e  above  s e p a ra t io n s »  However,
u s in g  6M sodium  n i t r i t e ,  t h e s e  two e le m e n ts  sh o u ld  be s e p a r a b le
on a  v e ry  lo n g  colum n.
The s e p a r a t io n  o f  Pb and  Cu was t r i e d  a t  10“ 3 and
5 X 1 0 ”3m sodium  n i t r i t e *  I n  e ach  in s t a n c e  o n ly  p a r t i a l
s e p a r a t io n s  w ere  e f f e c t e d  due to  th e  sm e a rin g  o f  th e  Cu b a n d .
T h is  sm earin g  o c c u rs  o n ly  a t  low  n i t r i t e  c o n c e n t r a t io n s .
S e p a ra t io n  o f  t h e s e  tw o e le m e n ts  was p o s s i b l e ,  how ever, a t  5M
e l u a n t  w here th e  r a t i o  o f  th e  e l u t i o n  c o n s t a n t s  i s  a b o u t
Ecu
10 ( s e e  p .  25) •
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T e rn a ry  M ix tu r e s - -
S e v e ra l, t h r e e —com ponent m ix tu r e s  w ere  r e s o lv e d  i n t o  th e  
com ponen ts u s in g  th e  same colum ns w hich  w ere  u se d  f o r  th e  b in a r y  
s e p a r a t i o n s .  I n  g e n e r a l  t h e s e  m ix tu re s  c o n ta in e d  one e le m e n t 
from  e ac h  o f  th e  t h r e e  b ro a d  g ro u p s  m en tio n ed  on p .  9 .  The 
w eak ly  a d so rb e d  s p e c ie s  was e lu t e d  w ith  0.5M sodium  n i t r i t e ,  th e  
in te r m e d ia te  a d so rb e d  s p e c ie s  w ith  5 x  10“ 2m w h ile  th e  s t r o n g ly  
a d s o rb e d  s p e c ie s  was e l u t e d  w ith  w a te r .
Q u a te rn a ry  M ix tu re —
O nly one f o u r —com ponent m ix tu re  was r e s o lv e d  i n t o  i t s  
com ponen ts , a l th o u g h  s e v e r a l  o th e r s  c o u ld  be by  s u b s t i t u t i o n  o f  
v a r io u s  w eak ly  a d so rb e d  e le m e n ts  one f o r  a n o th e r .  The o r d e r  o f  
e l u a n t  s t r e n g th  i s  s i m i l a r  t o  t h a t  f o r  th e  t h r e e  com ponent 
m ix tu r e s ,  e x c e p t  t h a t  a f t e r  Zn was e l u t e d ,  0.5M e lu a n t  was 
r e q u i r e d  to  e l u t e  P b . W ater was u se d  t o  e l u t e  th e  s t r o n g ly  
a d so rb e d  Ou b a n d .
The r a t e  o f  d e s o r p t io n  o f  a  com plex fro m  th e  r e s i n  u s in g  w a te r  
a s  th e  e lu a n t  was shown to  be p r o p o r t i o n a l  t o  th e  e l u t i o n  c o n s ta n t  f o r  
t h a t  e le m e n t . The q u a n t i t y  o f  w a te r  r e q u i r e d  to  e l u t e  th e s e  s t r o n g ly  
a d so rb e d  com plexes ra n g e d  fro m  30 t o  60 colum n vo lum es d ep en d in g  upon 
th e  e le m e n t b e in g  e l u t e d .  The c o n c e n t r a t io n  o f  sodium  n i t r i t e  i n  th e  
r e s i n  bed ch an g e s  d r a s t i c a l l y  a f t e r  th e  f i r s t  colum n volume o f  w a te r  
h a s  e lu t e d  th ro u g h  th e  b e d .  When f i v e  colum n vo lum es have p a s s e d  
th ro u g h  th e  b e d , th e  c o n c e n t r a t io n  o f  sodium  n i t r i t e  i s  below  t h a t
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r e q u i r e d  t o  c a u se  com plex fo rm a tio n *  The a d d i t i o n a l  colum n vo lum es 
r e q u i r e d  f o r  th e  co m p le te  rem o v a l o f  th e  e le m e n ts  from  th e  r e s i n  bed  
i n d i c a t e  t h a t  th e  en v iro n m en t w i th in  th e  r e s i n  p o lym er n e tw o rk  changed  
o n ly  slo w ly *  T h is  b e h a v io r  i s  i n  a g re em e n t w i th  p r e v io u s  f i n d in g s  t h a t  
th e  p r e f e r r e d  io n s  a r e  r e a d i l y  ta k e n  up b y  th e  r e s i n ,  b u t  o n ly  s lo w ly  
r e le a s e d *
P r e c a u t io n s
S e v e ra l  p r e c a u t io n s  m ust be  ta k e n  when u s in g  sodium  n i t r i t e  a s  
th e  e lu a n t  f o r  th e s e  c a t io n s *  The Co+2 ig  n o t  q u a n t i t a t i v e l y  e lu t e d  
from  th e  r e s i n  bed  a t  m o d e ra te  and  s t r o n g  sodium  n i t r i t e  c o n c e n t r a t io n s  
s in c e  i t  i s  p ro b a b ly  o x id iz e d  t o  th e  Co+^ s t a t e  w h ich  i r r e v e r s i b l y  
s t a i n s  th e  r e s in *  T h is  e le m e n t can  o n ly  be  s e p a r a te d  from  th e  e le m e n ts  
w hich  a d s o rb  s t r o n g ly  i n  d i l u t e  sodium  n i t r i t e *
The o t h e r  phenomenon w h ich  r e q u i r e s  a t t e n t i o n  when s e p a r a t io n s  
a r e  to  be made in v o lv in g  m anganese , i s  th e  fo rm a t io n  o f  a  p r e c i p i t a t e  
due t o  h y d r o ly s i s  o f  t h i s  c a t i o n  i n  n e u t r a l  and  a l k a l i n e  m edia* The 
p r e c i p i t a t e  i s  v i s u a l l y  o b se rv e d  a f t e r  a b o u t  t h r e e  o r  f o u r  h o u rs*  
T h e re fo re , th e  n i t r i t e  sh o u ld  n o t  be added  to  a  s o l u t i o n  c o n ta in in g  
th e s e  io n s  u n t i l  th e  s e p a r a t io n  i s  t o  be e f f e c te d *
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
SUMMARY
The i n v e s t i g a t i o n  o f  th e  e l u t i o n  b e h a v io r  o f  Cd, Cop Ou, P b , Mh, 
N i, Zn, and  U O ^ i n  sodium  n i t r i t e  m edia  on an  io n  exchange r e s i n  h a s  
r e v e a le d  t h a t  a l l  o f  th e  e le m e n ts  w ere  a d so rb e d  by  th e  r e s i n  to  some 
e x t e n t  w ith  th e  p o s s ib l e  e x c e p tio n  o f  N i, th u s  i n d i c a t i n g  th e  fo rm a tio n  
o f  a n io n ic  s p e c i e s .  The r e l a t i v e  a f f i n i t y  o f  th e  r e s i n  f o r  th e  
com plexes a t  th e  c o n c e n tr a t io n  a t  w hich  th e y  f i r s t  s t a r t  a d s o rb in g  i s  
GdA^ C u >  Fb ^  Zn > UOg ^  Co )  M n) N i.
A n a ly s is  o f  th e  e l u t i o n  d a ta  f o r  Cu, P b , Zn, Go, Mi and  Ni 
showed t h a t  i n  a l l  c a s e s  e x c e p t  f o r  p o s s ib ly  Mn and  N i, th e  p r im a ry  
a d s o rb in g  s p e c ie s  i s  th e  s i n g l y  c h a rg e d  a n io n ic  com p lex .
The e l u t i o n  b e h a v io r  o f  Cu and  P b , th o u g h  c o m p lic a te d , can  
be i n t e r p r e t e d  a s  a d s o r p t io n  by  th e  s in g ly  c h a rg e d  a n io n ic  com plex 
a t  low  n i t r i t e  c o n c e n t r a t i o n s ,  w h ile  a t  h ig h e r  c o n c e n tr a t io n s  t h i s  
com plex b e h a v io r  i s  p ro b a b ly  due to  a  d e c r e a s e  i n  th e  r a t e  o f  
e x ch a n g e . The phenomenon r e s p o n s ib le  f o r  th e  d e c r e a s e  i n  r a t e  o f  
exchange i n s id e  th e  r e s i n  p o ly m er n e tw o rk  a t  h ig h  n i t r i t e  c o n c e n t r a t io n  
i s  due t o  th e  c o n t r a c t io n  o f  th e  n e tw o rk  accom pan ied  by  a  d e c re a s e  o f  
f r e e  s o lv e n t  i n  t h i s  n e tw o rk  and  th e  p ro b a b le  fo rm a t io n  o f  a  b u l k i e r  
n i t r o s y l  t r in i t r o m e ta lo o o m p le x .  These p r o c e s s e s  d e c re a s e  th e  r a t e  o f  
exchange  w i th in  th e  r e s i n  and  r e s u l t  i n  an  i n c r e a s e  i n  th e  e l u t i o n  
c o n s t a n t  E .
Many s e p a r a t io n s  w ere  p r e d i c t e d  from  th e  e l u t i o n  d a t a .  A l l  
p r e d i c t e d  s e p a r a t io n s  w ere  e f f e c t e d ,  in c lu d in g  b i n a r y ,  t e r n a r y  and  
q u a te r n a r y  m ix tu r e s .
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TABLE I
E lu t i o n  C o n s ta n ts  o f  D iv a le n t  C a tio n s  i n  NaNO^ Media
M o la r i ty  Co Cu Pb Mn Ni Zn
NaNOg
5 X 1 0 -4   0 .5 5 4  2 .6 0  —  — -------- ------
2 X 1 0 -3    0.34-8 1 .0  —    —
1 X 1 0 -2    0 ,0 7 3  0 .3 7 0  ----- - — 0. 90
1 X 1 0 -1  2 .6 0  0 .0 5 0  0 .0 7 0  3 .4 2  3 .4 6  0 .6 0
2 X 1 0 -1  2 . 1 8 ----------------— — 2 .7 7  =-— --------- -------
3 X 1 0 -1    0 .0 1 9  0 .0 4 4  —  — ----------------
5 X 1 0 -1        _  2 .3 9  0 .1 2
6 X 1 0 -1    0 .0 1 4  0 .0 4 5  2 .2 9    —
1 1 .0 4  0 .0 1 2  0 .0 4 8  1 .8 9  2 .1 2  0 .0 5 4
1 .5  ——— 0 .0 1 2  ——— — =  ——  —
2 .0  0 .4 7  0 .0 1 3  0 .0 6 4  1 .2 9  1 .5 4  0 .0 2 4
3 .0  0 .2 2  0 .0 1 2  0 .0 7 8  0 .8 6  ———  =«=—
4 .0  0 .1 8  0*011    0 .5 6  1 .1 3  -------
5 .0  0 .0 1 1  0 .0 9 5  ——  — — —
6 .0   0 .0 1 0  0 .0 9 2  0 .2 8 4  0 .9 5 -------- -------
8 .0  ——— 0 .0 0 9  0 .0 8 1  — =0 0  « 94  ■
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I -
z Co
CO
u
Pb
O.Of
Cu
0.0*03
M N o N O
F ig u re  I — S em ilog  P l o t s  o f  E lu t i o n  C o n s ta n ts  V e rsu s  E lu a n t  Goncn*
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SLOPE - .4 6
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SLOPE -0.61
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0.1v>
z
z  0.05
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0.005
0.001
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COLUMN SIZE
0 .7 9  CM^ X 13.5 CM
COLUMN VOLUME = 3.5 MLS
Zn
Mn Zn
NoNC^
Co Cu
*  N q N 0 2
--------HgO
------- 1 1----------Z n — -------1
1 : 1 1 1 1 1 1 1 1 1 1 1 I
0 5 10 15 20 25 30 35 4 0  45  SO 55 6 0  65 70 75 80  85 90
MLS OF ELUANT
F ig u re  I I I —-S e p a ra t io n  S c h e m a tic s ,  B in a ry  M ix tu re s
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COLUMN SIZE
0 .7 9  c m 2 % ,3 5 CM
COLUMN VOLUME = 3.5 MLS.IM
Mn Cu
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.1 M N0 NO2
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J  I I t I L
H2O
Pb
J I I I I I » I : I : I
^  01 M
NoNO
Zn Cu
0 5 10 15 20  25 30  35 4 0  45 50 55 60 65 70 75 80 85 90
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COLUMN SIZE
0 .7 9  CM2 N 13,5 CM
COLUMN VOLUME = 3.5 MLS
NoNO,
Co Pb
3 M 
N0NO2
Ni
HgO
Co
I I I I Jj I I I I I I I L
.5 M 
NoNO, .0 5  M NoNO
PbZn
0  5 10 15 2 0  25 3 0  35 40  45 50 55 6 0  65 7 0  75 6 0  85 9 0
5 M NoNO
CuPb
MLS OF ELUANT
F ig u re  V— S e p a ra t io n  S c h e m a tic s , B in a ry  and  T e rn a ry  M ix tu re s
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COLUMN SIZE
0.79 c m 2 % 13.5 CM 
COLUMN VOLUME = 3.5 ML6
Pb
0.1 M 
NoNO.
0 5 10 15 20 25 30 35 40  45 50 55 60 65 70 75 6 0  85 90
UOg Cd
0 10 20 30 40 50 60 7 0  80 90 100 110 120 130 140 150 160 170 180
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Mn Pb
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COLUMN SIZE
0.79 CM2 % 13.5 CM 
COLUMN VOLUME = 3.5 MLS
5 M NoNO
I .1 i l ,  i 1 .1 . J  i i I [ I 1 I I 1 I t I I I i ,,t .1 ■ i i I L .J
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
.5 M 
NoNOg
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-*^.05M  NoNOg ^ H g O
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i L - J  I l  i i  . I I I LJLJ I I I I 1---- 1---- 1-----i---- L— J—
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.5 M 
NoNO .05 M NoNO.
PbMn Zn
5 M
NoNO, .05 M NO NO
CuZn
0  5 10 15 20 25 30 35 4 0  45 50 55 60  65 70 75 80  85 90
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F ig u re  V II— S e p a ra t io n  S c h e m a tic s , T e rn a ry  and Q u a te rn a ry  M ix tu re s
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